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1. 


The  -purpoee  of  this  work  is  to  etu-dy  con- 
ditions under  which  a  bright,  vmiform,  adherant  . 
coatin.p-  of  zinc  may  be  depofeited  on  steel  elec- 
trolytically .   The  following,  would  be  the  ad- 
vantages of  such  a  method  over  the  hot-  gal- 
vanizing methods: 

1.)   From  a  suitable  electrolyte  a  prefectly 
adherent  and  coherent  coating  could  be  deposited 
and  the  thickness  of  the  coating  can  be  control- 
led, whereas  only  a  fairly  thick  deposit  can 
be  obtained  from  hot-galvanizing. 
2.)  The  physical  qualities  of  the  deposited 
metal  is  much  more  com.pletely  under  the  con- 
trol of  the  operator. 

5.;  The  amount  of  zinc  per  unit  area  of  sur- 
face has  greater  protective  action  against 
certain  tests. 

4.)   Tempered  steels  may  be  plated  safely 
electrolytically,  whereas  ordinary  hot  methods 
are  liable  to  be  detrimental  to  the  physical 
properties  of  such  steels. 
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5.)   A  smoother  and  brighter  deposit  may  be 
obtained. 

6.)      There  is  less  loss  of  metal  in  dross  and 
waste . 

7.)      The  non-crystaline  deposit,  and  the  ereater 
purity  of  the  deposited  metal,  means  less  dis- 
intep:rating  action  toward  weak  acids  and  alka- 
lies or  even  water. 

It  is  desirable  to  divide  the  v.'ork  into 
two  parts,  which  are  as  follows: 
Part  one:   The  survey  of  the  various  methods 
employed  to-day  in  obtaining  a  protective 
coatinp  of  zinc  on  steel,  and  various  electro- 
lytes which  have  been  tried  for  the  electro- 
deposition. 

Part  two:   The  theory  of  the  deposition  and  a 
survey  of  the  ?'ork  done  in  the  laboratory. 

I  am  here  taking  the  otiportunity  to 
acknowled^re  my  indebtedness  to  my  instrtictors, 
Prof.  Harry  Mc  Cormack,  and  Prof.  C.  A.  Tibbals, 
whose  interest  and  initiative  help  has  made 
possible  such  accomplishments  as  are  herewith 
noted.  W.W.K. 
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Part  One . 

The  survey  of  the  various  methods  employed 
to-day  in  ohtainlnp-  a  protective  coatinp  of 
zinc  on  steel  and  various  electrolytes  which 
have  been  tried  for  electro-deposition. 
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The  Deposition  of  Zinc  on  Steel. 
Introduction. 

The  method e  employed  to-day  for  the  deposi- 
tion of  zinc  on  steel  iray  he  divided  into  three 
general  classes,  which  are,  first,  the  old  and 
popular  method  known  as  hot-galvanizing, 
where  the  article  is  immersed  in  molten 
bath  of  zinc,  second,  the  sherardizin^ 
which  is  the  treatment  of  the  article  with 
zinc  dust  under  pressure  and  heated  to  an 
elevated  temperature,  and,  third,  the  elec- 
tro-deposition of  zinc. 

There  is  only  one  company  which  depositee 
zinc  on  steel  commercially  from  an  electrolyte 
and  obtains  a  coating  v:hich  is  adherent,  uni- 
form in  thickness  and  lustrous  when  removed 
from  the  bath.   However  there  are  many  elec- 
trolytes which  yield  an  adherent  deposit, 
but  which  is  dull. 
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The  Deposition  of  Zinc  on  Steel. 
Part  One. 
Hot-Galvanizinp. 

For  a  long  period,  iron  and  steel  has 
been  given  a  protective  coatine;  of  zinc 
by  neans  of  hot-galvanizing.    This  method 
consists  essentially  of  first  cleaning  the 
article  in  a  pickling  solution  as  1  to  16 
sulphuric  acid  solution,  hot  soap  or  sod- 
ium hydroxide  solutions  (concentrated), 
or  other  similar  solutions.   After  the  article 
is  thoroughly  cleaned,  it  is  immersed  in  a 
molten  solution  of  zinc  which  is  above  4190C., 
the  melting  point  of  zinc,  and  less  than  918° 
C,  which  is  the  boiling  point.    A  thin  coat- 
ing of  zinc  adheres  to  the  surface  of  the 
metal  and  is  very  crystaline  in  its  structure. 

This  method  gives  a  fairly  uniforn  coating 
but  the  coating  is  of  only  one  thickness  and 
can  not  be  made  heavier  or  lighter.    There  is 
always  a  certain  amount  of  zinc  lost  in  the 
dross  formation. 
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The  Deposition  of  Zinc  on  Steel. 
Sherardizing. 

The  sherardizlnp  is  a  new  method  which 
fuses  the  zinc  with  the  surface  layer  of  the 
iron,  and  'nas  been  thoroughly  worked  out  by 
the  Couper-Coles  Company.    The  method  which 
is  employed  with  flat  articles  such  as  plates, 
etc.,  consists  essentially  of  packing  the 
article  with  zinc  dust  in  a  chamber  and  heating 
it,  under  pressure,  to  an  elevated  temperature. 
The  steel  v.-ill  then  not  only  be  coated  with 
zinc  but  the  outer  layer  of  the  article  vill 
fuse  with  the  zinc  to  form  an  alloy.     This 
is  a  very  desirable  coating,  but  can  only  be 
applied  to  flat  surfaces,  rods  and  tubes. 

There  has  been  considerable  amount  of 
experinental  work  done  with  respect  to  heatinr 
the  articles  in  an  atmosphere  of  zinc  dust 
and  with  little  modification  the  r^rocess 
will  soon  be  a  commercial  success.     The 
coating,  obtained  by  this  method  is  superior 
to  that  of  hot-galvanizing. 


The  Deposition  of  Zinc  on  Steel. 
Electro- deposition. 

The  essentials  of  obtaining-  a  desirable 
deposition  from  an  electrolyte  are,  a  correct 
electrolyte  to  start  out  with,  the  correct 
current  density  with  the  temperature  of 
operation  and  a  burnished  surface  at  the 
start  to  obtain  a  bright  coatinp;. 

The  Siramons  Coinpany  have  developed  a 
method  by  which  it  is  possible  to  deposit  a 
prefectly  bright  coating  of  zinc  on  wire  fabric 
and  other  small  articles.    The  electrolyte 
they  use  consists  of  zinc  sulphate  solution 
with  certain  addition  reagents.     The  current 
density  at  the  anode  is  from  ?6  to  fO  ti-^es  as 
great  as  that  of  the  cathode.    The  reason 
given  for  this  difference,  is  that  super 
sulphuric  acid  and  ozone  are  formed  at  the 
anode,  thereby  oxidizing  any  hydrogen  which 
may  be  formed  at  the  cathode,  which  is  essent- 
ial as  the  liberation  of  the  hydrotren  is  liable 
to  cause  a  rough  deposit. 
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The  Deposition  of  Zinc  on  Steel. 

The  proceee  is  continuous,  as  the  long 
coil  or  spring  passes  from  the  pickling  vats 
thru  the  washer  or  water  vats,  and  then  thru 
the  electrolytic  bath.     The  spring  is  rr.ade 
the  ca+hode  and  moves  thru  the  electrolyte  at 
a  speed  so  that  when  it  cones  to  the  other  end 
of  the  hath  it  has  the  desired  thickness  of 
coating.     This  process  is  a  commercial  suc- 
cess and  its  detailed  operations  are  kept 
secret. 

The  Couper-Goles  patented  electrolyte 

consists  of: 

ZnS04.7H20, 40  oz .  -  1 .5??^  KG  • 

Ferrous  sulphate,  ------   602.  -  156  gr. 

Water,  -----------1  imp. gal-  1  L. 

1  1-5  U.S.  gal. 

In  addition  to  these  there  is  a  small 
amount  of  glucose,  glucosides,  or  licorice  ex- 
tracts added  to  the  solution. 

The  ferrous  sulphate  gradually  oxidizes 
to  ferric  sulphate  by  t'  e  action  of  the  atmosphere 
and  taking  up  acid  from  the  bath,  and  so  tends 
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The  Deposition  of  Zinc  on  Steel. 

to  Icept  the  electrolyte  neutral.    The  anode 
consists  of  a  lead  plate  or  electrode;  and  the 
concentration  of  the  electrolyte  is  ke^t  con- 
stant by  pumping  the  solution  through  scrubbers 
containing  coke,  and  vessel  containing  zinc  dust 
and  zinc  oxide,  thereby  bringing  back  the  sol- 
ution to  the  Gorrent  concentration  and  reducing 
the  ferric  salts  to  the  ferrous  state.    No 
statement  is  made  with  resT^ect  to  the  li^ster 
of  the  finished  product,  but  only  that  an  ad- 
herent uniform  deioosit  is  obtained. 

If  powdery  i:)reci-oitates  are  obtained,  it 
is  said  to  be  due  to  the  formation  of  the  oxide 
or  hydroxide  of  zinc. 

■A   series  of  experim.ents  has  been  made  by 
Philliips  with  the  addition  of  the  sulphates  of 
sodium,  potassium,  ammonium,  aluminum,  and 
magnesium  to  zinc  sulphate.    The  results  ob- 
tained usinf^  these  electrolytes,  at  the  correct 
current  density,  are  adherent  deposites,  but , 
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which  are  dull  bluish  gray  color.   The  tempera-^. 

ture  at  which  the  operation  waa  carried  out  was 

from  50°  to  70°  C.    Y^Tien  magnesium  sulphate 

was  add'^-d,  it  was  added  in  molecular  proportions 

v,'ith  the  zinc  ?ulphate  so  as  to  form  a  double 

sulphate  salt.     The  quantities  used  are: 

zinc  sxilphate  30  oz .  ,  magnesium  sulphate  25  oz., 

and  water  1  imp.  srallon,  which  is  equivalent 

to  li  U.S.  e-allon.     Similar  results  are 
5 

obtained  v/ith  the  sulphates  of  sodium  and  po- 
tassium.   The  proportion  of  the  aluminum  sul- 
phate and  zinc  sulphate  is  1^  oz«  and  2   pounds 
respectively  to  1  imp.  gal.,  or  1  1-5  U.S.  gal. 
of  water.    The  aluminum  sulphate  may  be  sub- 
stituted by  4  oz.  of  alum.    Higher  densities 
make  it  possible  to  operate  with  greater  current 
densities.     The  aluminum  sulphate  dissociates 
into  aluminum  hydroxide  and  sulphuric  acid  in 
the  presence  of  the  water,   former  acting  as 
a  colloid.    It  is  said  that  colloids  prevent 
the  formation  of  crystals  or  at  least  reduce 
the  size  of  them.    Therefore  i  rrreater  cur- 
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rent  density  may  be  used. 

The  last  two  aolutions  give  a  bluish  eray 
deposit  Tvhich  may  be  readily  burnished.    The 
coating  is  adherent  and  has  a  uniform  thickness. 

The  solution  tried  hy  Richter  consists  of 
zinc  sulphate  50  oz.,  and  water  1  1-P  U.S.  pal- 
Ion.    The  solution  is  very  rich  la  metal  and 
the  current  density  is  from  25  to  30  amperes 
per  sq.  ft.   The  anodes  may  be  either  v/rought 
iron,  cast  iron,  or  steel,  and  the  area  must  be 
greater  fesra'i  at  the  anode  than  at  the  cathode. 
The  tem.perature  of  the  electrolyte  should  be 
about  50*^0.,  or  more,  and  never  less  than  SO°C. 
The  deposit  from  this  solution  is  very  ant  to 
be  granular. 

The  forementioned  solutions  are  either 
neutral  or  slightly  acid.    There  are  however 
a  few  distinctly  alkaline  solution  which  m.ay 
yield  a  satisfactorly  deposit,  but  the  expenee 
is  too  great  for  commercial  value.     The  typ- 
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ical  one  is  Watt's  cyanide  solution,  patented 
In  1855,  and  uses  200  oz.  of  KCN,  dissolved  in 
20  gal.,  of  water,  and  90  oZ.  of  zinc  added  which 
is  dissolved  by  the  addition  of  ammoniiMa  liquor. 
The  solution  is  then  stirred  and  filtered  before 
using.     The  anode  is  made  of  zinc  while  the 
cathode  is  preferrablly  copper. 

Another  alkaline  solution  used,  consists 
of  zinc  sulrihate,  potaesiim  cyanide,  and  am^^on- 
ium  carbonate,  dissolved  in  v/ater. 

Dr.  Kern  states  that  zinc  nay  be  deposited 
from  a  solution  of  zinc  fluosilicate  12  parts; 
aluminiim  sulphate,  10  parts;  ammonium  sulphate, 
5  parts;  and  water,  100  parts. 

A  throuerh  investif^ation  has  been  made  by 
Snowdon  in  respect  to  the  deposition  of  zinc 
from  various  concentrations  of  zinc  sulphate 
solutions  with  and  without  the  addition  of  re- 
sorcinol  in  both  sulphuric  acid  and  sodium  hy- 
droxide solutions.    The  temperature  for  the 
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various   aeries  of  runs   v/ere  S0°,    40°,    and  70°, 
with   the  variation  of  current   density   from    .5 
to  7.0   amperes  per   sq.    dm.  The  various    solu- 

tions may  be  tabulated  as  follov/s: 
A.t  N-2  Zn  SO4  plus  IT-'^O  HgSO^, 
B . )      N-P      "       "  "         N-P  "       , 

C.)     N-S     "      "  "        N-50        "        plus   ^^.-1^   re- 

sorclnol . 
D. )   N-10  "   "      "    N-50    "   , 
E.  )      N-IO  "   "      "    N-P     "   , 
F.;   :-10  "   "     "    N-J=;o    "   piuB  5-10  re- 

eorcinol , 
G.)      A  saturated  solution  of  Zn{OH/o  in  2N  NaOH. 
H.)   Addition  of  60  gr.  of  solid  NaOH  to  2  L. 

of  solution  G. 
I.;   Addition  of  11  gr.  resorcinol  N-10  per  L. , 
of  solution  G . 
K.  )   Dilute  the  solution  of  *"-.,  to  ^   with  3N 

NaOH . 
L.;   Addition  of  60  p;r.  solid  NaOH  to  2   L.  of 

solution  K. 
K.j  Addition  of  11  rr.  resorcinol  to  2   L.  of 
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solution  K. 

The  Bummary  of  the  results  and  concluBion 
is  that  the  deposit  is  not  as  satisfactorly  from 
alkaline  solutions  as  from  acid  or  neutral  solu- 
tions.   An  increase  of  temrierature  v^ithin  a 
limited  ex+ent  and  an  increase  in  concentration 
catises  an  increase  in  size  of  the  crystals. 
Certain  reagents  as  formaldehyde  will  decease 
the  size  of  the  crystals.     Snov/don  also  states 
that  increase  in  current  density  v/ill  flacreaee 
the  size  of  crystals,  but  this  statement  does 
not  confirm  that  of  other  authorities.    The 
addition  of  resorcinol  should  cause  a  darlcer 
deposit  of  zinc  to  from.    None  of  the  denosits 
are  stated  to  be  bright. 

Other  solutions  which  have  been  tried  are 
zinc  sulphate,  zinc  naphthalene  di-sulphonic 
acid,  with  small  quantities  of  aluminum  sul- 
phate, or  zinc  chloride.   All  of  vhich  yield 
dull  deposit*. 


16. 

The  Deposition  of  Zinc  on  Steel. 

The  General  Electric  Company  deposit  zinc 
from  a  molten  solution  of  100  parts  of  zinc 
chloride,  10  -  FO  parts  of  zinc  dust,  and  3-10 
parts  of  ammonium  chloride.   No  other  explana- 
tion of  the  method  is  p-iven. 

The  various  addition  reagents  which  are 
only  added  in  small  quantities,  are  as  follov^s: 
sugars,  glucosides,  yeast  or  other  ferm.ents, 
glue,  Hcorice  extracts,  oxalic  acid,  citric 
acid,  formaldehyde,  and  few  of  the  essential  oils, 

Summary  of  Results. 
With  low  current  density,  hydrogen  is  formed 
at  the  cathode,  because  zinc  is  hip^h  in  the  felec  - 
tDO-motive  series,  therefore  highly  electro- 
positive.   Therefore  hif^h  current  density 
must  be  used,  which  '^''eans  concentrated  electro- 
lytes must  be  used,  not  less  than  4-5  oz .  zinc 
per  gallon,  or  25-21  gr.  zinc  per  liter. 
The  addition  reagents  reduces  the  size  of  the 
crystals  and  also  increase  the  temperature  at 
v'hich  the  zinc  may  be  deriosited,  to  limited  ex 
tent. 
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Part  Two . 

The  theory  of  the  deposition  and  a 
survey  of  the  work  done  in  the  laboratory. 
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The  Deposition  of  Zinc  on  Steel. 
Introduction. 

The  v;ork  consists  in  developinir  a  riethod, 
by  which  a  lutrous  rieiDOsit  of  zinc  may  he  obtain- 
ed, anri ,  which  v^ill  resist  the  action  of  corro- 
sion. 

In  doinp:  so,  various  electrolytes  were 
used,  and  the  resultinp-  deposits  were  examined 
and  subjected  to  various  tests,  usch  as  resist- 
ance to  scratching,  thickness  of  coatinj;,  resis- 
tance to  concentrated  copper  sulphate  solution, 
and  a  microsoopical  examination  of  the  surface. 

A  study  was  also  made  of  the  electrolyte 
with  respect  to  the  change  in  concentration, 
and  acidity. 
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The  Eepopltion  of  Zinc  on  Steel. 
Part  Two. 
Theory. 
The  theory  of  corrosion:-  V/hen  two  differ- 
ent metals  are  placed  into  a  solution,  ■which  is 
ionized,  and  the  dry  ends  are  connected  by  neans 
of  a  conductor,  a  current  flov-s  thru  the  system. 
Now,  if  we  have  a  piece  of  steel  covered  with 
a  zinc  deposit,  v/hich  is  not  prefect,  so  that 
part  of  the  iron  is  exposed,  and  then  have  the 
surface  covered  with  water  containing  small  a- 
niount  of  organic  matter, or  carbonic  acid,  or 
soluble  salts,  just  enough  to  ionize  the  water, 
the  cell  is  completed.    The  water  is  ionized 
into  two  ions  of  hydrogen,  carrying  each,  one 
positive  charge,  and  into  one  oxygen  ion  which 
carries  two  negative  charges.    The  iron  and 
zinc  are  of  two  different  potentials,  the  lat- 
ter being  the  rreater,  therefore  in  the  cell 
the  kation,  which  is  the  oxygeh  ion,  v;ill  travel 
to  the  kathode,  p:ive  up  its  charge  and  attack 
the  zinc,  which  v.ill  go  into  solution.    The 
anion  which  is  the  negative  ion  or  hydrogen 
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ion  will  travel  to  the  anode,  give  "up  its  charr.e 
and  escape  at  the  cathode  as  nascent  hydrogen. 
Therefore  the  zinc  will  go  into  solution  while 
the  iron  remainds  unattac'^ced,  and  the  current 
in  the  cell  travel  from  the  zinc  to  the  anode 
or  iron.    As  long  as  the-^e  is  a  trace  of 
zinc  left  in  contact  with  the  electrolyte  and 
steel  or  iron,  the  latter  vill  not  corrode. 
If  the  plate  is  covered  with  tin  deposit,  which 
ie  Below  iron  in  the  electro-Eotive  series,  the 
current  will  flow  in  the  cell  from  the  iron  to 
the  tin  and  the  iron  would  corrode  leaving  the 
shell  of  tin. 

The  theory  of  plating:-  IPaen   a  current  is 
seat  thj?u  a  solution  of  zinc  sulphate,  the 
zinc  sulphate  v;ill  dissociate  into  zinc  ion, 
or  "kation  carrying  two  positive  charges;  and 
sulphate  ( SO4 ;  ions  called  anions,  carryin??; 
two  nep-ative  charges.    The  kation  will  travel 
to  the  cathode,  give  up  its  charre  and  Qepoait 
on  the  cathode  as  metallic  zinc,  while  the  anion 
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will  travel  to  the  anode,  give  up  its  charf^e 
and  beconie  free  SO4  v.'hich  can  not  exsift  as 
such  for  any  leneth  of  time.    If  the  anode  con- 
sists of  zinc,  the  SO4  will  react  to  form  zinc 
sulphate,  and  thereby  theoretically  kept  the  • 
concentration  constant.   Of  on  the  other  hand 
the  anode  consi'?ts  cf  an  insoluble  metal  as  plat- 
ium  or  lead,  the  SO4   will  not  attack  these, 
but  will  attack  the  water  to  from  sulphuric 
acid  and  liberate  oxygen  at  the  anode.     Thus 
the  concentration  of  the  bath  constintly  deceases 
The  sulphuric^cid  ia  ionized  into  hydrogen  ions 
and  oxygen  ions.     The  oxygen  ion  havinc  two 
negative  charges  will  travel  to  the  anode,  cive 
up  its  charge,  and  will  be  liberated  at  the 
anode  as  gaseouB  oxygen.    The  hydron-en  in  the 
similar  manner  will  be  liberated  at  the  cathode, 
as  nascent  hydrogen,  v/hich  is  undestrable  in 
plating,  becanse  the  p-ase  bubbles  will  not 
leave  the  plate  fast  enoup-h,and  thereby  give 
an  uneven,  roup-h  surface. 
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The  liberation  of  hydrogen  at  the  cathode 
is  nDt  only  detrimental  to  the  finiah  of  the 
deposit  on  the  Dla+e,  but  alno  means  a  loss  in 
the  current,  therefore  rieceasing  the  efficiency 
of  the  cell. 

In  order  to  pass  a  current  thru  the  cell, 
a  certain  potential  or  pressure  is  required  to 
pass  the  current,  and  this  potential  is  called 
the  decomposition  voltage. 

It  was  observed  by  Faraday  that  the  amount 
of  deposition  in  a  cell  v.'hich  has  an  electrolyte 
of  dilixte  sulphuric  acid,  and  electrodes  of 
platiura,  is  proportional  to  the  amount  of  elec- 
tricity flowing  thru  the  cell.   We  have  here, 
then,  a  direct  'proportion  between  the  quantity 
of  rratter  and  quantity  of  electricity.     For 
example,  each  gram  of  hycirogen  liberated  by  an 
electrical  current  corresponds  to  the  passage 
through  the  electrolyte  of  96,492  coulombs 
which  is  equivalent  to  one  Faraday.    It  is 
independent  of  tbe  etrenp-th  of  the  current, 
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which  liberates  .the  hydrogen,  upon  the  time   of 
liberation,  and  the  ptrenp;th  of  the  acid,  po 
lonp;  as  the  hydrogen  alone  is  liberated;  the  re- 
sult is  always  the  sane, -a  givf-n  amount  of 
electricity,  in  each  case  liberates  the  samea- 
mount  of  hydrogen.    ^Tiat  is  here  true  of  hy- 
drofren  is  alpo  true  of  the  ^^^etals,  and  rroups. 
^-y  experlT^ent  it  has  been  found  that  one  Fard- 
day  v/ill  liberate  one  p-ram  of  hydrop-en,  (  more 
accurately  1.0076  grams).    The  electro- 
chemical equivalent  is  the  amount  of  substance 
liberated  by  the  same  amount  of  current  which 
v;ill  liberate  1.0076  grams  of  hydrogen.     This 
relation  is  called  the  Faraday  Lav;.     The  elec- 
tro chemical  equivalent  is  the  pime   as  the  chem- 
ical equivalents. 

This  means  that  one  Farar^ay  is  nasses 
thru  the  zinc  pul^jhate  cell,  theoretically 
65.27  divided  by  2  equals  S2.6P  grams  of  zinc 
v;ill  be  ionized. 

From,  the  above  theory,  it  can  be  seen 
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that  the  depoRition  of  the  zinc  is  in'^eriendent 
of  the  voltafre,  as  lonp;  as  the  volta,p;e  is  ereat 
enourh  to  pass  a  current  thni  the  cell.    There- 
fore it  ie  profitable  to  operate  at  the  lowest 
voltage  possible  v/hich  will  give  the  desired 
denosit,  in  order  to  decrease  the  cost  of  the 
power,  ■'^hich  is  equal  to  the  voltarre  tires  the 
anpera.pre. 

Apparatus. 
The  apparatus  consisted  of  two  sets  of 
storage  batteries,  one  voltmeter  (O-IO),  one 
an^TTieter  (0-25;,  a  l.F  liter  bearer,  two  single 
pole  single  throw  switchs,  t-":o  zinc  anode  plates, 
several  rolled  steel  plates  (5cin.  x  IOct^.;, 
stirrinp-  paddle,  reduction  nulley,  small  B-vftlt 
motor  registered  as  1-n  horee  power  motor, 
insulated  stands,  clainps,  bunsen  burner,  and 
flame  protector. 

The  apparatus  was  connected  as  shown  on 
the  plate  (Plate  one).     The  an^neter,  one  switch 
steel  plates,  two  anodes,  and  rheostat  n.re  con- 


25. 


The  Deposition  of  Zinc  on  Steel. 

nected  in  series  with  each  other.    The  two  an- 
ode plates  are  connected  in  parallel  vrith  each 
other,  and  the  anodes  aid  cathode  are  connected 
by  submerging  them  in  the  electrolyte.    The 
voltmeter  was  connected  across  the  anodes  and 
cathode  with  a  switch,  in  series. 

The  electrolyte  v;as  stirred  by  means  of  a 
stirrer  wh^ch  was  rotated  by  iT^eans  of  a  sr^all 
motor.    As  the  motor  was  too  weak  to  drive 
the  paddle  direct,  the  uulley  of  the  paddle 
vras  connected  to  a  reducinrr  pulley  and  then  to 
the  motor,  vrhich  as  connected  to  the  other  set 
of  cells. 

The  solution  v^as  heated  by  means  of  a  bun- 
sen  butner  and  the  temperature  was  controlled 
v/ithin  tv.-o  to  three  degrees. 

Operation. 
The  first  step  in  the  deposition  is  to  thro- 
oughly  clean  the  plates  or  article  to  be  platetJ. 
The  nateri ^1  to  be  plated  was  cold  rolled  steel 
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plates,  v.'hich  had  a  coating  of  oxide  and  a  few 
rust  spots.   The  plates  were  first  cleaned  by 
chemical  means.   A  solution  of  1  part  of  con- 
centrated sulphuric  acid,  sp.gr.  1.84  to  13  parts 
of  ivater,  was  made  up;  and  the  plates  immersed 
for  about  FO  minutes.    At  the  end  of  this  time 
the  coatinp-  of  oxide  was  loosened,  and  the  plates 
were  removed  and  washed  with  water,  dried  and 
rubbed  off  with  emery  cloth  until  a  clean,  fairly 
smooth  surface  was  obtained. 

Another  good  pickling  solution  consists  of 
1000  -narts  of  water,  1^44   parts  of  concentrated 
sulphuric  acid,  and  60  parts  of  4S^  HP.    The 
solution  is  thoroughly  apritated  with  a  wooden 
paddle  before  using,  and  the  article  is  placed 
in  the  solution,  which  is  then  heated  on  the 
steam  bath  for  ten  minutes. 

After  the  nlates  are  cleaned  and  burnished 
with  emery  and,  having  the  electrolyte  'nade  pp , 
the  plates  are  dipped  a  few  minutes  in  a  strong 
hot  sodium  hydroxide  solution  to  remove  any  trace 
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of  grease  which  might  adhere.    It  is  then 
quickly  washed  with  water  and  placed  in  the 
electrolyte,  connection  beini^  nade  with  the 
cathocie  clamp.    The  current  is  turned  on,  and 
the  rl;jeostat  adjusted  for  the  desired  amr^erap-e. 
The  amperajEre,  voltage,  initial  and  final  time 
recorded.   After  the  plate  had  the  desired  thick- 
ness of  coating,  the  current  was  turned  off, 
the  plate  removed,  washed  and  dried.    It  was 
then  subjected  to  various  tests  and  examined. 

Electrolytes. 
The  first  electrolyte  used  consisted  of 
200  grams  of  zinc  sulphate,  10  p:rams  of  aluminum 
sulphate,  dissolved  in  water  and  m.ade  up  to  one 
liter.   10  c.c.  of  formaldehyde  was  added. 
This  electrolyte  has  been  tried  a'^d  the  reason 
for  usin^  it  was  to  familftrize  myself  with  the 
nature  of  the  method  of  olatin-.     The  first 
run  v;as  made  at  11  amperes  and  yielded  a  loose 
deposit.    The  second  at  5  amperes  which  rave 
a  dull  bluish  gray,  smooth  adherent  deposit. 
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Since  the  previous  exT^erlmental  work  shows 
the  tendency  to  ^et  a  suhatance  in  colloidal 
form  in  the  electrolyte,  I  thoup-ht  that  by 
dis80lvin,f  a  small  amount  of  cotton  in  a  con- 
centrated solution  of  zinc  chloride,  the  zinc 
could  be  deposited.    The  electrolyte  consisted 
of  400  grams  of  zinc  chloride  dissolved  in  water 
and  inade  up  to  one  liter.    Then  200  milligrams 
of  cotton  were  dissolved  in  the  solution.   Here 
the  first  difficulty  wa?  net.    Tt  was  found 
that  the  cotton  only  dissolved  upon  heating 
for  several  hours. 

A  few  runs  were  made  usincr  .1,  .6,  1.0  and 
1.5  amperes  per  eq .  dm.    The  results  obtained 
v/ere  not  very  satisfactory  as  after  two  plates 
were  made,  the  cotton  had  all  precipitated  frc? 
the  solution,  and  the  next  deposit  came  dovm 
granular  and  uneven.   Kore  cotton  had  to  be 
dissolved  before  better  results  were  obtained, 
but  these  were  not  as  good  as  the  first.    This 
electrolyte  was  consictered  as  useless  and  a 
failure. 


^ 
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Froin  a  stronf^  solution  of  zinc  sulphate 
the  deposit  will  be  crystaline  if  the  current 
density  is  too  preat;  and  uneven  due  to  the 
liberation  of  hydrogen  if  the  current  density  ie 
too  amall.    Tf  the  hydropen  could  be  oxidized 
ra^nidly  enourh,  the  denosit  shOT^ld  come  doi^nn 
smooth.    This  v/as  tried  by  r^isaolvinp;  400 
grims  of  zinc  sulphate  in  a  liter  of  water  and 
adding  a  small  amount  of  potassium  permanganate 
solution.    Similar  runs  were  made  as  in  the 
zinc  chloride  solution,  and  the  results  obtain- 
ed were  not  satisfactory.    The  MnOo  v/as  pretp- 
itated  and  adhered  to  the  plate,  causing  ir- 
regularities in  the  surface.    The  electrolyte 
was  discarded  as  a  failure. 

The  next  electrolyte  which  was  tried  con- 
sisted of  a  N-2  solution  of  zinc  sulphate  v.'ith 
the  addition  of  ?0  prams  of  chrome  alum,  per 
liter,  and  a  small  am.ount  of  rum  traeacanth. 
The  solution  was  boiled  to  remove  the  rases  or 
air  from  the  solution,  and  then  filtered  thru 
a  toT.'el  so  as  to  remove  any  gum  trapacanth  ivhich 


30. 


The  Deposition  of  Zinc  on  Steel. 

had  not  dissolved.    The  solution  was  cooled  to 
«50C.,  and  a  series  of  mns  were  made  usinjj  a 
current  density  of  1 ,  5,  5,  and  7  amrseres  ner 
sq.  dm.    The  results  obtained  were  ^ore  satis- 
factory than  any  of  the  other  previous  ones. 
The  deposite,  which  were  fairly  pood,  were  dull 
smooth,  adherent,  but  with  a  some  \'iha.t   of  an 
crystaline  appearance. 

The  solution  was  then  cooled  to  '^0   and^the 
following;  series  of  run  made: 

1;  1  amn.ner  sq.dm.,  .S  v.,  (rood^dherent  deposit, 
2;  ?  "    "    "   "  ,  .5  v.,  very  srood  deposit. 
2;  F   "    "    "   "  ,  1.1  ",  not  as  brLrrht  as  ?. 
4;  7   "    "    "   "  ,  1  ."^  "  ,  becomvnf!;  crystaline. 
5;  .5  "    "    "   "  ,  .1-  ",    Hg  formed  at  cathode. 

All  of  these  runs  were  ten  minute  duration, 
exCept  the  last  v.'hi  ch  was  25   minutes. 


After  the  solution  was  cooled  to  4f*^C.,  a 
similar  set  of  runs  were  made.   The  following 
are  the  amperages  and  voltap-es  used,  for  each 
run  respectively: 
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1)  .5  volts  -  1  aiUp-.  per  sq .  dii.  ,  r)  .9  volts  - 
3  amp.,  5)  1.3  volt  -  5  amp.,  4)    c.4  voltf  - 
10  amp.,  and  P)  S.f"  «olts  -  14  amp. 
The  depoaites  were  not  as  pood  as  t^iope  at  70  C, 
and  the  third  and  fourth  ones  had  granular  edpes 
wh^' le  the  fifth  frrew"  trees" 

A  series  of  runs  vrere  nade  at  a  terpnerature 
of  25°  and  in  all  cases  the  deposits  were  Bneveb 
dull  and  not  adherent. 

At  room,  temperature  the  deposits  came  dovm 
•knotted  or  discolored. 

The  next  electrolyte  consisted  of  a  N-4 
solution  of  zinc  sulphate  \vith  the  same  amount 
of  chrome  alum  and  small  amount  of  rum.  tra)n;acanth. 
The  solution  is  boiled  and  filtered  before  uping. 
A  similar  set  of  runs  were  made  at  the  sam.e  tem- 
peratures and  ampera(yes  respectively  as  before. 
The  results  obtained  shoed  the  same  character- 
intics  as  rer.ard^  to  the  temperature,  and  current 
density,  but  in  no  case  was  the  deposit  as  bright. 
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VJhen   ten  grams  of  zinc  chloride  was  added 
to  the  previous  electrolyte,  no  chanfre  in  the 
results  were  obtained. 

Several  plates  were  burnished  and  plated 
with  the  N-c  zinc  sulphate  solution  and  its 
addition  reagents,  at  70*^0.,  upin?  a  current 
density  of  1 .n  and  2.^   amperes  respectively. 
The  deposits  came  down  fairly  bright  and  the 
latter  being  the  best.    These  plates  were 
subjected  to  scratching  test  and  microscopic 
examinations. 

Two  plates  were  coated  at  1  ar^pere  per 
sq.  dm.,  and  the  deposit  of  the  zinc  dissolved, 
and  the  solution  tested  for  zinc  content.   Two 
other  plates  were  plated  at  2  amp.  sq.  dm., 
and  their  deposit  dissolved  and  analyzed. 

Tests. 

The  first  t-^st  to  v^hich  the  deposit  was 

subjected  to  was  the  scratching  test,  ot  its 

resistance  tov/ard  scratchin;t.    This  was  done 
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by  takinpt  the  shart)  point  of  a  file  and  scratch- 
Inp-  the  surface  of  the  deposit.    If  the  deposit 
v;ap  arihercnt,  the  file  would  only  scratch  which 
was  bri,p:ht;  hnt  if  the  deposit  was  not  adherent 
the  file  would  loosen  the  film  of  deposit  quitek- 
ly  from  the  purface  of  the  steel  and  form  bubbles 
vfhich  on  farther  scratchin.rr  v.'Ould  fracture  the 
film  and  tjie  dep'-^sit  could  be  sealed  off. 

The  test  for  corrosion  was  made  by  dipping 
the  zinc  coated  plate  into  a  saturated  solution 
of  copper  sulphate  for  a  period  of  one  r^inute, 
and  then  takinp-  it  out  and  rinsing  the  plate 
under  a  tap,  shakinr  ri.pidly.    ^'liile  the  plate 
is  in  the  copner  feul^phate  solution,  the  conDPr 
in  the  solution  villi   r^Dlace  the  zinc  and  the 
latter  will  der)osit  loosely  on  the  surface  as 
a  black  percipitate.    This  zinc  v;ill  go  in 
solution  as  zinc  sulphate.    Tf  there  is  any 
spot  of  steel  which  is  not  covered  with  zinc 
the  copper  will  replace  the  iron  and  the  deposit 
of  copper  film  over  this  spot  ivhich  "/ill  not 
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be  washed  away  by  the  water.    If  this  1=;  re- 
peated uslnp-,  fresh  copper  sulphate  solution  a 
comparative  test  could  be  made  bet"-een  the 
various  deposits.    The  reason  for  the  copper 
rer)lacing  the  other  two  n^etals,  is  because  they 
are  hip-her  in  the  electro-motive  series  and 
therefore  Till  replace  any  i^etal  in  solution 
'Which  is  lower  in  the  electro-motive  series. 

The  burnished  TDlates  "^ere  used  for  micro- 
scopic examination.    ViTien  the  plate  v,'hich  had 
the  zinc  deposited  at  1  anper  per  sq .  dm.,  was 
DUt  under  the  microscope,  there  were  small  gas 
bubbles  within  the  deposit.    These  pas  bu.bbles 
could  not  be  seen  with  the  unaided  eye,  but 
showed  up  clearly  v;hen  magnified  about  600 
diameters.   The  bubbles  were  always  in  groups 
which  v-ere   needle  shape.    The  microscope 
sho'.ved  no  spots  which  were  not  coated,  or  pin- 
holes in  the  deposit.    ?Tien  this  nlate  was 
cleaned  with  fine  e'-ery  cloth,  most  of  the 
bubbles  disappeared,  and  left  no  uncoated  spots 


35. 

The  Depoeition  of  Zinc  on  Steel. 

The  plate  vhich  had  the  zinc  denoeited 
at  P  aTiperep  per  souare  deci'-'eter,  f-'ere  were 
no  b^uhhles  of  pas  to  be  detected,  and  the  de- 
posit apreared  Gmooth  and  regular  ■^ith  no  brbks 
or"pin-holes"  in  the  deposit. 

The  thickness  of  the  coating  was  next  de- 
tenrined.    This  can  also  be  calculated  theoret- 
ically as  follov's: 

First  the  plate  which  had  the  zinc  deposit- 
ed at  2  amp.  per  sq.  dm.    The  laate  used  hada 
total  area  of  100  cm^  or  one  decinieter,  squared, 
The  time  of  deposition  was  five  minutes,  which 
equals  300  seconds. 

The  total  nurnber  of  coulombs  is  equal  to  the 
ampera.c^e  multiplied  by  the  ti^.e. 

500  X  2  =  600  coulombs. 
96,492  coulombs  -  1  Faraday. 

Nov,'  one   Faraday  vail  rteposit  or  liberate 
1 .0'^76  gram.s  of  hydroccen,  or  since  the  electro- 
chemical equivalent  of  zinc  is  two,  will  liber- 
ate 6F.5  +  2  -  S?.6P  frrams  of  zinc. 
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Therefore  the  amount  of  zinc  deposited  by 
a  current  of  P.   ainperes  for  five  miinutes  is  e- 

qual  to , 

~95~T93*  22.615  =  .20?2  grama  of  Zn. 
Sow  the  density  of  zinc  is  ^    vaverap-e), 
hence  dividing,  the  weight  hy  the  density  gives 
us  the  volume  of  zinc,  which  is  as  follows: 
.Q032  *  7  •=  .0290  c.c. 
The  total  area  of  the  plate  is  100  Gn.cm., 
therefore  dividing  the  volume  by  the  area,  v,'e 
will  get  the  thickness  of  t'-ie  deposit: 
.0290  *  100  =  .000290  cm. 

.00290  mm.  thick. 
For  the  plate  which  has  the  zinc  deposit- 
ed at  1  ampere,  the  zinc  deposited  is  equal 
to  one-half  of  that  of  the  one  above,  or, 
.2032  +  2  =  .1011  grams  of  zinc. 
The  thickness  ^f  the  deposit  v-ill  be  one 
half  that  of  the  one  above  which  is  eoual  to, 
.0029  *  2  =  .001,'5  mm.  thick. 
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The  actual  thickness  of  t>ie  deposit  is  oh- 
t  xined  by  dissolving;  the  deposit  in  ^0    c.o.  1:1 
dilute  hydrochloric  acid;  and  after  the  iction 
ceases  (  the  steel  beinp:  acted  upon  very  slowly) 
the  plate  was  re'^oved,  waphinp:  it  free  frox 
acid.    The  solution  wa?  then  -^ade  alkaline 
vdth  ammonium  hydroxide,  and  then  .just  acid  to 
litmus  with  dilute  ^^Cl .   Then  3  c.c.  f^f  con- 
centrated HGl  was  added  in  excess.    The  solu- 
tion was  diluted  to  £00  -  r50  c.c  and  heated 
to  a  boilinfr.    It  was  then  titrated  while 
hot  rith  notaseium.  ferrocyanide  solution,  ustnp- 
a  4f  solution  of  Uranium  nitrate  as  an  eHter- 
nal  indicator. 

Two  plates  havinp;  the  zinc  deposited  at 
2   ampere  per  sq.dm.,  used  19.50  c.c.  and  19 .9P 
c.c.  respectively. 

The  plate?  plated  at  1  ampere  per  sq.  dm., 
used  =5.60  and  '=5.9?  c.c.  respectively.  '^he 
time  of  precipitation  beinr  for  ill  plates 
five  minutes. 
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The  standardization  of  the  potaseii-im 
ferrocyanide.   90  p:raras  of  K^FeCCNg/g  were 
dissolved  in  two  liters  of  distilled  vater. 
Then  two  samnles  of  zinc  oxide  (7h0),  each 
.497Q  ftrans,  were  dis-^olved  in  20  c.c.  concen- 
trated hydrochloric  acid,  diluted  poinewhat, 
and  ammonium  hyf'roxide  added  drop  by  drop  to 
alkalinity.   Dilute  hyr^rochloric  acid  is  added 
until  the  solution  is  just  acid  to  litnus,  and 
2  c.c.  of  concentrated  HCl  added  in  excess. 
The  solution  was  diluted  to  200-250  c.c.  and 
heated  to  a  boil.    VlTiile  hot,  it  is  titrated 
with  potassium  ferrocyanide  solution.    A  4^ 
UraniuTi  nitrate  solution  was  used  as  an  exter- 
nal indicator. 

Sample  A  used  <!2.S5  c.c.  I^FeCCN^/^, 
Sample  E  used  42.40  c.c.  ■C^Fe(CN^;f^ 
.49'7<5  (Trarn.p  of  ZnO  s  .4000  prams  of  zinc. 
4  2.35  c.c.  K4Fe(C%;p;  =  -4000  frrair.s  of  7n. 
1.00  c.c.     "      3  .0094S  gra-Tis  of  TH. 

42.40  c.c.     "      =  .4000  grans  of  Zn. 
1.0  c.c.     "      ■  .00945  gran.s  of  Zn. 
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average  1.0  c.c.  K4FeiCNg)6  =  .00944  gr.  Zn. 

Now  the  plates  which  uped  a  current  denfeity 

of  2  amp.  -ner  sq.dm.,  up^d  IQ.F  c.c.  and  19 .9F 

c.c.  of  potassium  f errocyanide. 

19. FO  c.c.  K4Fe(CNg;g  s  19. FO  x  .00944  =  .1R42 

19  .9g    c.c.  "  a    19.92    X    .00944    =    .IH^^S 

grains   of   zinc. 

The  density  of  the  zinc  being  7.0  averace,  the 

volume  is, 

.1S42  »  7  =  .0263  c.c.  of  zinc. 

.IRRS  f  7  -  .0269  c.c.  of  zinc. 
The  area  of  the  plates  were  100  sq.  cm.,  there- 
fore dividing  the  volume  by  the  area,  we  eet 
the  thickness  of  the  oeposit,  which  is  eqqal 
to,  .0262  ;-  100  =  .OO^reS  cm,  =  .00262  mm. 
.0269  *  100  -  .000269  cm,  =  .002u9  mm. 

■The  plates  operated  at  a' current  density 
of  1  amp.  per.  sq.dm.,  used  8.60  c.o.  and  9.92 
c.c.    Then  the  amount  de-^03ited  equil?, 

8.60  X  .00944  =  .0812  grams  of  zinc. 

8.92  X  .00944  =  .0842  grams  of  zinc. 
Then  the  volum.e  of  the  zinc  deposited  is  equal  to, 
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.0=^ir  f  7  =  .0116  c.c.  of  zinc. 

.0R42  *  7  =  .nif?3  c.c.  of  zinc. 

The  thickness  of  the  deposit  is  obtained 

by  dividing  by  the  area  of  the  pla+e  which  is 

100  sq .  cm.,  then, 

.0116  *  100  «  .000116  en.  -  .00116  mm.  thick. 

.0122  *  I'^'O  =  .OOOirS  cm.  =  .OOISS  mjn.  thick. 

The  efficiency  of  the  method:-   For  the 

first  two  plates: - 

Theoretically,     .2022  grants  deposited 

Actually,  av.,     .1863  grams  deposited 

Efficiency  =  »19^5.  ^  iQof   =  91. 9f- 
.2022 

The  efficiency  of  the  second  set  of  plates, 
Theoretical  amount  of  zinc,    .IQll  grams  ?n. 
Actual  amr^unt  of  zinc,  av . ,    .0^?'^  rra-^s  of  Zn, 
Efficiency  --^^.^|f-  x  100?^  =  91.2^ 

The  low  efficiency  of  the  second  set  is 
due  to  the  liberation  of  hydrogen  and  other 
side  reactions. 
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Some  attention  wap  piven  to  the  stability 
of  the  concentration  in  respect  to  fie  zinc  con- 
tent.   Two  five  c.c.  sampler  wap  ta'ren  before 
T)latinp:  an(^  after  four  deponi tions,  tv.o  -ore 
samples  were  ta^en,  each  being  five  c.c. 

The  S  c.c.  sample  was  diluted  somewhat  and 
40  c.c.  of  1:1  dilute  hydrochloric  acid  was  add- 
ed, then  made  alValine  with  ammonium  hydroxide 
and  boiled.    All  of  f-^e  chromium  is  T)recipi*a- 
ted  and  some  of  the  zinc.    The  solution  is  fil- 
tered while  still  hot  and  the  filtrate  saved. 
The  precipitate  is  dissolved  in  an  Erlenmeyer 
flask  with  a  minimum  amount  of  HGl,  and  then  a 
solution  of  sor'ium  carbonate  is  added  drop  by 
droTD  until  a  permanent  turbidity  was  produced. 
Then  drop  by  drop  of  HCl  is  added  until  the  pre- 
cipitate dissappears.    It  is  then  treated  with 
barium  carbonate  in  a  water  susrendicn  until 
an  excess  is  added,  vhich  on  shaking  v;ill  re- 
main at  the  bottom  of  the  flask.   The  solution 
is  then  covered  and  set  aside  for  a  few  hours, 
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shaking  at  intervals.    The  solution  ie  filtered 
off  by  decantation,  and  the  preciT:)itate  ■•.•ashed 
several  tiroes  hy  decantation  with  water.    The 
filtrate  is  added  to  the  first  solution  and 
ma>e  alkaline  v/ith  NHz,OH.   Then  drop  hy  drop 
wi  h  dilute  HCl,  the  solution  ie  made  just  atid 
td' litmus  paper,  t  en  adding  5  c.c.  concentrated 
nei  in  excess.   The  solution  is  heated  to  boil- 
ing and  titrated  vith  potassium  ferrocyanide 
v;h""la  hot.    The  BariuTi  carbonate  TDrecinitates 
the  chro-iiura  and  only  a  very  small  trace  of  Zn. 

The  sample  taken  before  electrolysis  used 

21.50  c.c.  and  ?1 .85  c.c.  respectively.   Their 

zinc  content  equals, 

21.50  c.c.  X  .1^0944   =    .2029  pr.  of  zinc. 

21.85       X  .00944  =  .2063  pr.    of  zinc. 

The  equivalent  amount  of  ZnSO^  .'^HgO  ,  equals, 

ZnSO^  .7B.^0 

^  =  _I2ZiA.   =  ^-  X  =  .8928 

grams 
X  =  .^'^077 


.2062 


■' V 
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The  equivalent  amount  of  zinc  sulphate 
per  liter,  equals, 

.9928  X  1000  t  5   =139.1  grams 

.9077  X  1000  *  5   =  141.5  grains 

(before.)  average   =  129.3  grams 

After  electrolysis,  sarroles  used  ri,61  c. 
C,  and  PI. 92  c.c  respectively.  The  zinc  c6n- 
tent  equals, 

21.61  X  .009^4  =  2040  frrams  of  zinc. 

21.92  X  .00944  =  2069  p:ra.^s   of  rinc. 

The  amount  of  ?nS0/ .'''H^O  per  liter  equils, 

.2040  X  287  3  X  1000  .  ^^g  ^^    ^^,  p^^  ^.^^^^ 

.2069  X  287.3  x  1000 


66.3^   ~6  '    "   ■'■^^•■^  ^^'    P®^  ^'* 
The  avera"-e  after  electrolysis,  140.8  gr.  per  L, 

FrOTi  the  above  data  there  is  a  very  little 
increase  of  zinc,  rhich  might  be  due  to  the 
formation  ^T   the  pulphuric  acid,  which  is 
electrolysTsed  and  on  electrolysis  yield  zinc 
stilphate  at  the  anode  and  hydroren  at  fHe 
cathode. 
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Suniraary . 

The  results  may  he  sumnarized  as  follows: 
A  fairly  brlp:ht  deposit  may  be  obtained 
from  the  electrolyte,  containing  142^6  p-rams 
of  zinc  sulphate  (ZnSO^  .^h^O  ;  ,  20  p-ramf  of 
chrome  alu'n  (X2SO4  .Cr^SO^^S  .S4H2O) ,  and  a  small 
amoiont  of  p-um  tragacanth  per  liter  of  water. 
The  current  den?ity  beinp;  from  C  to  4  amperes 
per  squire  decimeter,  and  the  tercerature 
between  70  and  75°  C,   It  is  understood  that 
the  article  must  be  lustrous  before  startinp;.  .'^; 
The  anorie  must  be  prreater  than  the  cithode. 

Zinc  can  not  be  deposited  from  a  solution 
poor  in  zinc  content,  nor  at  a  low  current 
density,   ■'-^ifrb-er  current  density  causes  cry- 
etaline  deposit,  and  lower  density  causes 
liberation  of  ^Ip  at  the  cathode.   To  a  cer- 
tain limit,  increase  of  temperature  improves 
the  depopite  and  decreases  the  voltap-e  for  the 
same  current  density. 
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